Abstract. The present study aimed to investigate the potential biological functions of microRNA-340 (miR-340) in non-small cell lung cancer (NScLc) beyond its role as a critical regulator of tumorigenesis and tumor progression. The expression levels of miR-340 and RAB27B were analyzed by reverse transcription-quantitative polymerase chain reaction. Subsequently, the protein expression levels of RAB27A, RAB27B, RAB9A, RAB11A and BRAB21 were determined by western blot analysis. The expression levels of the aforementioned proteins in NScLc tissues were analyzed by immunohistochemistry. RAB27B, as a potential target of miR-340 was investigated via a dual-luciferase reporter assay. The proliferative ability of Pc9, A549 and BEAS-2B cells was detected with a cell counting kit-8 assay, while the migration and invasion of the NScLc cells were analyzed using a Transwell assay. The results revealed that the expression levels of miR-340 in the NScLc cells were significantly decreased compared with those in normal cells (BEAS-2B cells). RAB27B was proposed as a potential target gene of miR-340, and its expression was notably increased in the NScLc cells. miR-340 overexpression inhibited the migration and invasion of the NScLc cells by targeting RAB27B, while the knockdown of miR-340 exerted opposite effects. On the whole, these findings indicate that the miR-340/RAB27B axis may be actively involved in the occurrence of NScLc. Thus, miR-340 and RAB27B may be novel therapeutic targets for the treatment of NScLc.
Introduction
Lung cancer accounts for the highest proportion (~25%) of all cancer-associated mortalities worldwide, and has a mortality rate of >15% (1) . Of all lung cancer cases, >85% are non-small cell lung cancer (NScLc), which is associated with a high mortality rate (2, 3) . At present, the most effective curative method for NScLc is surgical resection; however, surgical treatment has been successfully applied to only a few patients, as NScLc tends to be diagnosed at advanced stages. Therefore, early diagnosis with predictive biomarkers and therapeutic applications with prognostic biomarkers are vital for improving the survival rate of patients with NScLc.
MicroRNAs (miRNAs or miRs) are a group of non-coding RNAs (18-22 nucleotides in length) that play a role in the post-translational regulation of cell proliferation, differentiation and death, as well as other physiological and pathological processes (4) (5) (6) (7) . The role of miRNAs as tumor-inducers or -suppressors depends on their targets in numerous types of cancer. As previously reported, the dysregulation of miRNAs promotes tumor occurrence and development (8) . Accumulating evidence supports the involvement of miR-340 in a variety of cancer types (9) (10) (11) . miR-340 modulates the growth, migration and invasion of numerous types of cancer cells (12) (13) (14) (15) . miR-340 has been shown to suppress the migration, invasion and metastasis of breast cancer cells via the Wnt signaling pathway (16) or by downregulating Rho kinase-1 (17, 18) ; thus, miR-340 may be a key tumor suppressor in the diagnosis and treatment of breast cancer. These findings suggest that miR-340 may act as a suppressor of tumor progression. A previous study however, reported the association between miR-340 dysregulation and the development of NScLc (19) . miR-340 functions as a tumor suppressor by regulating the expression of cyclin-dependent kinase-4 in NScLc cells, inhibiting cell growth (20) . In addition, it has been demonstrated that miR-340 inhibits tumor cell proliferation and induces apoptosis by targeting a variety of negative regulators of p27 in NScLc (21) .
RABs, small G proteins of the Ras superfamily, serve as regulators of vesicular transport in the exocytic and endocytic pathways in eukaryotic cells (22) . It has been demonstrated that RABs play significant roles in endocytosis, cell secretion, growth and signal transduction (23) . miR-30b/c has been shown to directly downregulate the expression of RAB18 and to inhibit the proliferation of NScLc cells, indicating that miR-30b/c may serve as a tumor suppressor gene in the pathogenesis of NScLc (24) . An elevated expression of RAB27A has been shown to be associated with NScLc and resistance to conventional chemotherapeutic agents (25) ; however, the link between RAB27B and miR-340 in NScLc remains unclear. Thus, the present study aimed to investigate the function of RAB27B in association with miR-340 in NScLc.
The findings of the aforementioned studies indicate that miR-340 may be a potential target in the treatment of NScLc; however, the molecular mechanisms of miR-340 in modulating the expression of RAB27B in the occurrence and development of NScLc remain unclear. Thus, the present study aimed to investigate miR-340 as a novel tumor suppressor in NScLc.
Materials and methods
Cell culture. The human lung cancer cell lines A549, Pc9 and normal bronchial epithelial cells (BEAS-2B; American Type culture collection) were cultured in dulbecco's modified Eagle's medium (DMEM; Gibco; Thermo Fisher Scientific, Inc.) containing 10% fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml penicillin and 100 g/ml streptomycin (Shanghai Xinyu Biotechnology Pharmaceutical Co. Ltd.) at 37˚C in 5% CO 2 .
Tissue collection. In total, 22 pairs of NScLc and adjacent non-tumor tissues were obtained from patients with NScLc who were treated at The Affiliated Hospital of Southwest Medical University between 2015 and 2018; samples were stored at -80˚C. Written informed consent was obtained from all patients. The present study was approved by the Ethics Committee of the Affiliated Hospital of Southwest Medical University. The sequences of miR-340 mimics and miR-340 inhibitors were as follows: miR-340 mimics, UUA UAA AGc AAU GAG AcU GAUU and miR-340 inhibitors, AAU cAG UcU cAU UGA UUU AUA A.
Immunohistochemistry (IHC)
.
Cell Counting kit-8 (CCK-8) assay.
The proliferation of the transfected BEAS-2B, A549 and Pc9 cells was assessed using a CCK-8 assay (Sigma-Aldrich; Merck KGaA). Briefly, the cells were seeded into 24-well plates and cultured for 24 h, and then transfected with miR-340 mimics, miR-340 inhibitors or mock miRNA. Subsequently, 100 µl transfected cells were added to 96-well plates at a density of 2x10 4 cells/well, and 10 µl ccK-8 solution were added to each well, followed by 2 h of incubation at 37˚C. Viable cells were counted with BioTek Epoch microplate absorbance reader (Bio-Tek Instruments, Inc.) at 450 nm.
Luciferase reporter assays. Potential targets of miR-340 were predicted using TargetScan (www.targetscan.org/vert_71/) and further confirmed by MicroRNA.org30 (www.microrna. org), and miRBase (http://www.mirbase.org/). To further confirm whether RAB27B is a direct target of miR-340, luciferase reporter experiments were performed. The cells plated into 24-well plates at 40% confluence were co-transfected for 24 h with miR-340 mimics, miR-340 inhibitors or mock miRNA and luciferase reporter plasmids [pGL3 RAB27B 3'-untranslated region (UTR) wild-type or mutant; Genepharm, Inc.] using Lipofectamine 2000 according to the manufacturer's instructions. Luciferase activity was measured 24 h later with the dual-Luciferase ® Assay (Promega corp.). Lightswitch Renilla activity was normalized to pGL3 to assess transfection efficiency. Each assay was conducted in triplicate.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total RNA was isolated from NScLc tissues, non-tumor tissues and cell lines using TRIzol reagent for RT-qPcR analysis. miRNA or mRNA expression was evaluated by two-step RT-qPcR. cdNA was prepared using A-MLV reverse transcriptase (Invitrogen; Thermo Fisher Scientific, Inc.); qPcR with SYBR-Green dye was performed according to the manufacturer's protocols (Takara Inc.). For qPcR, cdNA (0.5 µl), forward primer (0.5 µl), reverse primer (0.5 µl), deoxyribonucleotide triphosphate mixture (2 µl, 2.5 mM), dNA polymerase (0.5 µl, 10 U/µl), 5X buffer (6 µl) and double distilled H 2 O (15 µl) were subjected to 32 cycles at 94˚C for 5 min, 95˚C for 15 sec and 56˚C for 35 sec. Each sample was evaluated in duplicate, and the mean quantification cycle (Cq) was calculated.
The following forward and reverse primers were used: 5'-GcG cTA GTT Tcc TGT-3' and 5'-GTG cAG GGT ccG AGG T-3' (miR-340); 5'-TGc GGG AcA AGA GcG GTT ccG-3' and 5'-Gcc AGT Tcc cGA GcT TGc cGT T-3' (RAB27B); and 5'-cAA TGA ccc cTT cAT TGA cc-3' and 5'-GAc AAG cTT CCC GTT CTC AG-3' (GAPDH). PCR amplification of miRNA was conducted using miRNA-specific forward primers and the universal poly(T) adaptor reverse primer with U6 as an internal control. The forward sequence of Homo sapiens miR-340 was 5'-GcT TAT AAA GcA ATG AGA cTG ATT-3'. U6 was used as an internal control (forward, 5'-cTc GcT TcG GcA GcA cA-3' and reverse, 5'-AAc GcT TcA cGA ATT TG C GT-3'). The results were quantified using the 2 -ΔΔcq method as previously described (26) .
Transwell assay. The effects of miR-340 on A549 cell invasion and migration were analyzed using Transwell assays (costar, Aiyan Biotechnology co. Ltd.) with or without Matrigel (clontech, Laboratories, Inc.), respectively. The A549 cells transfected for 24 h were resuspended in the upper 24-well chambers at a density of 1x10 5 cells/well. Serum-free dMEM and 10% FBS-dMEM were added to the upper and lower chambers, respectively. After 24 h, cells on the upper membrane were collected using cotton swabs, while cells in the lower chamber were fixed with 100% methanol for 15 min and stained with 0.05% crystal violet (Beyotime Biotechnology Company) for 20 min at 37˚C. Invasive and migrated cells were observed under a inverted Fluorescence Microscope IX53 (Olympus). Each assay was conducted in triplicate.
Western blot analysis. Total proteins were extracted from tissues and transfected cells using lysis buffer, and the protein concentration was determined using a BcA protein assay kit. Proteins (20 µg) were subjected to 10% SdS-PAGE and transferred onto polyvinylidene difluoride membranes. The membranes were blocked with 2% bovine serum albumin and cultured with primary antibodies against RAB27A (dilution 1:600; cat. no. sc-74586; Santa cruz Biotechnology, Inc.), RAB27B (dilution 1:800; cat. no. DF12060; Affinity Biosciences), RAB21 (dilution 1:1,000; cat. no. sc-81917; Santa cruz Biotechnology, Inc.), RAB11A (dilution 1:1,200; cat. no. sc-166912; Santa cruz Biotechnology, Inc.) and RAB9A (dilution 1:1,000; cat. no. sc-71950; Santa cruz Biotechnology, Inc.) for 60 min at 37˚C. Following 3 washes with TBST, the membranes were incubated with goat anti-rabbit IgG-HRP secondary antibody (dilution 1:1,000; cat. no. sc-2004; Santa cruz Biotechnology, Inc.) at room temperature for 30 min and then washed as aforementioned. Subsequently, specific binding was detected with the chemiluminescence (GE Healthcare Life Sciences). The detection of the chemiluminescent signal was performed in the gel documentation system ImageQuant LAS 4000 Mini (GE Healthcare Life Sciences). The intensity of the bands corresponding to the target proteins was analyzed using ImageJ 1.8.0 (National Institutes of Health).
Statistical analysis. data were analyzed with SPSS 19.0 (IBM corp., Armonk, NY, USA) and expressed as the means ± standard error of the mean. differences between groups were compared by one-way analysis of variance followed by a Tukey's post-hoc test. P<0.05 was considered to indicate a statistically significant difference. Each experiment was performed at least 3 times.
Results

miR-340 expression is downregulated in NSCLC tissues and cell lines.
The present study analyzed the expression levels of miR-340 and RAB27B in 22 pairs of NScLc tissues, adjacent tissues and nornal BEAS-2B cells or NScLc cell lines (A549 and Pc9) by RT-qPcR; the protein expression of RAB27B in the NScLc cell lines was determined by western blot analysis. The results revealed that miR-340 expression was significantly decreased in NSCLC tissues (Fig. 1A) and cell lines (Fig. 1B) . On the contrary, the mRNA expression levels of RAB27B were significantly increased in NSCLC tissues (Fig. 1c) and cell lines (Fig. 1d) , while RAB27B protein expression was markedly upregulated in the NScLc cell lines (Fig. 1E and F) . Thus, the downregulation of miR-340 may be associated with the upregulation of RAB27B in NScLc.
Analysis of the RAB family of proteins in NSCLC tissues.
In order to examine the expression of RAB family proteins in NScLc tissues, the expression levels of 5 RAB proteins, including RAB27A, RAB27B, RAB21, RAB11A and RAB9A, were evaluated by immunohistochemical analysis in NScLc and adjacent tissues (Fig. 2) . The results indicated that the protein expression levels of RAB27A, RAB27B, RAB21, RAB11A and RAB9A were notably increased in NScLc tissues compared with non-tumor tissues (Fig. 2) .
miR-340 targets RAB27B and directly decreases its expression.
The present study revealed that RAB27B may be a target of miR-340 using predictive tools, including TargetScan, miRanda and miRBase. Of note, a putative binding site of miR-340 was identified in the 3'-UTR of RAB27B (Fig. 3A) . The luciferase activity of the RAB27B wild-type 3'-UTR reporter was markedly suppressed by transfection with miR-340 mimics compared with the negative control, while the mutant luciferase reporter was significantly activated by transfection with miR-340 inhibitors (Fig. 3B) . miR-340 expression was significantly increased in all cell lines transfected with miR-340 mimics, whereas it was decreased in NScLc cells transfected with miR-340 inhibitors (Fig. 3c) . RAB27B mRNA expression was notably decreased following transfection with miR-340 mimics; however, RAB27B expression in the A549 cells was upregulated in response to the silencing of miR-340 with miR-340 inhibitors (Fig. 3d) . These results indicate that miR-340 regulates the post-transcriptional expression of RAB27B by directly binding to its 3'-UTR.
Effects of miR-340 overexpression on the proliferation of NSCLC cell lines.
The effects of miR-340 overexpression or knockdown on the proliferation of the BEAS-2B, A549 and Pc9 cells were evaluated by a cKK-8 assay (Fig. 4) . It was observed that transfection with miR-340 mimics significantly suppressed the proliferative ability of these cell lines; however, the cell proliferative ability was markedly promoted following the knockdown of miR-340 with inhibitors. 
Effects of miR-340 on the migratory and invasive abilities of NSCLC cells.
To enhance our understanding of the biological functions of miR-340 in NScLc cells, the A549 cells were transfected with miR-340 mimics or inhibitors, and the migratory and invasive abilities of the cells were investigated by a Transwell assay. The results revealed that transfection with miR-340 mimics notably inhibited A549 cell migration, while transfection with miR-340 inhibitors exerted opposite effects ( Fig. 5A and B) . Furthermore, transfection with miR-340 mimics suppressed cell invasion, and this was promoted by transfection with miR-340 inhibitors ( Fig. 5c and d) .
In vitro analysis of the effects of miR-340 on RAB27 proteins.
The protein expression levels of RAB27A and RAB27B were markedly decreased in the miR-340 mimic-transfected A549 cells, but were increased upon transfection with miR-340 inhibitors (Fig. 6A and B) . In addition, transfection with miR-340 mimics significantly suppressed the expression levels of RAB9A, RAB11A and RAB21 in A549 cells, while miR-340 inhibitors exerted opposite effects ( Fig. 6c and d) .
Discussion
It is well known that one miRNA can target numerous genes. The function of miR-340 in the occurrence of various types of cancer has been widely studied in recent years. As previously reported, miR-340 restricts the development of breast cancer cells by targeting numerous oncogenes, including c-Met, zinc finger E-box-binding homeobox 1 and enhancer of zeste homolog 2 (27) (28) (29) . Furthermore, miR-340 has been shown to inhibit the progression of glioma by targeting cyclin-dependent kinase 6, cyclin-d1/d2 and tissue plasminogen activator (30, 31) . In addition, miR-340 has been shown to play a suppressive role in lung, colorectal (32) , ovarian (33) and prostate cancers (34) , laryngeal squamous cell carcinoma (35) and osteosarcoma (36) ; however, the role of miR-340 in NScLc remains unknown. The present study reported that miR-340 was downregulated in NScLc, whereas miR-340 overexpression suppressed the growth and migration of NScLc cells. This suggests that miR-340 may play a tumor-suppressing role; however, a previous study revealed that miR-340 played an oncogenic role in gastric cancer by targeting cyclin G2 (37) . The biological function of miR-340 may depend on its target gene, which is mainly modulated by miR-340.
Various studies have demonstrated that the RAB family of proteins play important roles in NScLc. The downregulation of RAB27A has been shown to suppress the proliferative, migratory and invasive abilities of NScLc cells in vitro, and to inhibit the growth of xenograft tumors in mice, indicating that RAB27A may be a potential therapeutic target in NScLc (38) . miR-451 regulates the survival of NScLc cells via the downregulation of RAB14, suggesting that targeting the interaction between miR-451 and RAB14 may be a novel therapeutic target in NScLc (39) . miR-30b/c directly targets and downregulates the expression of RAB18 to inhibit the proliferation of NScLc cells. RAB11A protein has been shown to be overexpressed in NScLc tissues, and to be associated with advanced tumor, node and metastasis stage, positive nodal status and poor patient prognosis. In addition, the overexpression of RAB11A has been shown to promote the proliferation, invasion and migration of NScLc cells via the upregulation of cyclin d1 and cyclin E, and the downregulation of p27 (40) .
RAB27, a member of the small GTPase family (41), has been reported to be associated with various human cancers. For instance, RAB27A has been identified as an inducer of melanoma growth (42) , while the inhibition of RAB27A in melanoma cell lines has been shown to suppress primary tumor growth and lung metastasis (43) . The nuclear factor-κB-mediated RAB27A expression facilitates cytokine secretion to promote the stemness of colon cancer cells (44) . RAB27A expression has been associated with tumor grade and the unfavorable prognosis of glioma (45) . These studies indicate RAB27A as a potential tumor-promoting protein in human cancers, whereas others have suggested that RAB27A serves as a tumor suppressor. RAB27A upregulation has been shown to be associated with the favorable prognosis of patients with colorectal cancer (46) . Furthermore, RAB27B facilitates the invasion and migration of estrogen receptor-positive breast cancer cells (47) ; the downregulated expression RAB27A and RAB27B has been detected in the late stages of prostate cancer (48) .
Few studies have reported the association between RAB and miR-340 in NScLc; thus, TargetScan software was employed in the present study, which predicted RAB11A, RAB27B and RAB43 as potential targets of miR-340. RAB27B was proposed to be the most likely target of miR-340 of the aforementioned RAB proteins. In addition, we also conducted a luciferase reporter experiment to confirm whether RAB27B is a direct target of miR-340. The present study identified RAB27B as a novel target gene of miR-340, and observed that miR-340 was downregulated, while RAB27B was upregulated in NScLc tissues and cell lines. miR-340 overexpression inhibited the proliferation and invasion of NScLc cells; these effects were reversed by the knockdown of RAB27B. The mechanisms underlying the effects of miR-340 comprise the targeting and inhibition of RAB27B by miR-340. Furthermore, the miR-340/RAB27B axis may be involved in the occurrence and progression of NScLc.
Previous reports have demonstrated that RAB27A and RAB27B are the major components involved in vesicle fusion and trafficking, and exosome secretion, playing important roles in tumor progression and metastasis. The increased expression of RAB27B has been observed in hepatocellular carcinoma (49) , colorectal cancer (50) and breast cancer (51) , indicating that RAB27B may be a valuable predictor of metastasis and prognosis, or a potential therapeutic target for the treatment of various types of cancer. The upregulated expression of RAB27B may be an unfavorable prognostic factor in patients with squamous cell carcinoma of the lungs (52). Additionally, the upregulated expression of RAB27B has been shown to be associated with the malignant features of lung adenocarcinoma (LUAD); RAB27B was identified as a potential indicator of metastasis and the prognosis of LUAd (53) .
In conclusion, miR-340 plays a critical role in NScLc, and its overexpression restricts the growth and invasion of NScLc cells by downregulating RAB27B. The results of the present study may provide novel insight into the molecular mechanisms underlying the occurrence and development of NScLc, However, the potential regulatory mechanisms of miR-340 targeting RAB27B require further investigation.
